Logistics and transport are becoming increasingly important in international trade relations. Logistic Performance Index (LPI) analyses the differences between countries, providing a general picture of customs procedures, logistics costs and the quality of the infrastructure necessary for overland and maritime transport. The aim of this article is to analyse the impact that each of the components that make up the LPI has on emerging countries' trade, employing a gravity model. Furthermore, the study also aims to detect possible advances in logistics in these countries, which are grouped into five regions (Africa, South America, Far East, Middle East and Eastern Europe) by comparing the first LPI data published in 2007 with the most recent data, released in 2012. The results obtained reveal that improvements in any of the components of the index cause the country to increase its volume of trade. Specifically, LPI components are becoming increasingly important for the countries in Africa, South America and Eastern Europe.
I. Introduction
Globalization and increased competitiveness turned logistics into one of the key elements of trade. Efficient logistics services facilitate the mobility of products, ensuring their safety and speed as well as reduction in cost when trading them among countries. De Souza et al. (2007) define logistics as part of the value chain which plans, implements and controls the efficient flow of goods, services and information from source to consumer. Ultimately, the importance of logistics lies in the ability to efficiently solve transportation, storage and packaging issues, increasing the competitiveness of businesses and the country in general.
As Mustra (2011) suggests, logistics is one of the most important elements of national competitiveness. The quality logistic services and the infrastructures have a strong effect over the facilitation of transport of goods between countries. In contrast, inefficient logistics results in higher costs in terms of time and money, adversely affecting countries and companies, or reducing turnover as demonstrated by Hausman et al. (2005) . The OECD (2005) estimates that logistics costs range between 2% and 15 % of total turnover. So, logistics is playing an important role in international competition.
In this context, the literature has focused on the so-called trade facilitation measures, which represent an attempt to overcome the set of key non-tariff barriers difficulting the ongoing trade between countries. In emerging countries those are not sufficiently developed, causing an increase in trading costs and hindering the efficient movement of goods across borders, due to weak infrastructure, complex customs procedures and excessive bureaucracy between government agencies.
An assessment of trade facilitation measures can be approached through the Logistics Performance Index (LPI) published by the World Bank in 2007, 2010 and 2012 for a total of 150 countries. This index allows the differences between countries to be analysed, providing an overview of customs procedures, logistics costs and the quality of the infrastructure necessary for land and sea transport.
The aim of this study is to analyse the impact LPI and each of its components has on the trade of emerging countries with a maritime boundary using a gravity model.
Furthermore, the study also aims to detect possible advances in logistics in these countries, which are grouped into five regions (Africa, South America, Far East, Middle
East and Eastern Europe) by comparing the first LPI data published in 2007 to the most recent data, released in 2012.
The article is structured as follows. Section II reviews the literature that addresses logistics and transport as determinants of international trade. Section III describes both the make-up of the LPI and also how it scores each country. Section IV explains the gravity model methodology applied in the empirical part of the article. Section V details the sample and the variables used. Section VI presents the results of estimating the gravity model explaining the importance of the LPI components by geographical region.
Finally, section VII summarizes the main conclusions of the research.
II. Literature review
The term 'trade facilitation' has been used frequently in recent studies, although Other researchers such as Iwanow and Kirkpatrick (2009) adopt the same definition applied to manufacturers' exports from Africa, also concluding that trade facilitation reform could help to improve trade flows. More recently, Moïsé et al. (2011) constructed 12 indicators for the main WTO political areas of negotiation, to estimate the impact of such interventions on the trade of a given country.
However, other studies have used one specific indicator to estimate trade facilitation and ascertain its impact on exports (UNDP, 2001; OECD, 2003; Dennis, 2006; Decreux and Fontagne, 2006; Behar and Manners, 2008) . Using the LPI as an explanatory variable of trade, Korinek and Sourdin (2011) confirm the marked impact that logistics performance has on trade, particularly where improvements in infrastructure are concerned, above all in middle-income countries and more specifically for exporters. Meanwhile, administrative improvements have a greater impact on importing countries. Martí et al. (2014) use the LPI as a proxy for trade facilitation, concluding that the more complex goods are in terms of transport, the greater the influence of logistics. This study follows the same line of research, using the index published by the World Bank to analyse the relationships between bilateral exports and logistics.
The distinctive features of the legislation in each country affect international goods flows to a great extent. Hollweg and Wong (2009) build an index of regulatory restrictions in logistics for the Association of Southeast Asian Nations (ASEAN), finding that the index and LPI are negatively correlated, that is, the countries with less legal barriers obtain a better logistics score. The possible restrictions or obstacles that authorities place in the path of trade result in increased time and higher costs, thereby reducing competitiveness.
Some research published recently links the LPI to other aspects of development.
In this sense, Guner and Coskun (2012) seek a relationship between development in logistics, measured by the LPI, and other economic and social factors, focusing on the 26 OECD members. Min and Kim (2010) combine the LPI and the environmental development index to construct the hybrid index called the "Green LPI", using Data
Envelopment Analysis (DEA) to do so. Higher levels of efficiency in logistics are occasionally achieved at the cost of more emissions of pollutants, but the LPI does not take environmental damage into consideration.
Another distortion this index is due to its direct relations to the levels of income.
Developed countries such as USA, Germany and Singapore combine high income with a leading position in the index. Similarly, China, India and Vietnam, countries all considered low cost producers, are ranked higher than other developed nations such as Portugal, Greece and Iceland. In this sense, Nicita (2008 and , using the LPI and Doing Business, suggest that tariff and non tariff barriers are still a significant obstacle for trade in countries with lower levels of income.
On a different note, researchers have also attempted to ascertain the importance of the components of the LPI with regard to trade, either by including several components in the same model (Felipe and Kumar, 2012) or by estimating regressions that consider only one of the components (Hertel and Mirza, 2009; Puertas et al., 2013) . Both papers conclude that infrastructure is the most important component in comparison to customs efficiency 1 .
However, it is worth highlighting the differences between these last two studies and the one we propose in this paper. In the first place, the articles above focused on analysing the LPI for one year alone. For example, Felipe and Kumar (2012) The World Bank has published this index for three years (Arvis et al., 2007 (Arvis et al., , 2010 and 2012), ranking 150 countries 2 and providing an extensive explanation of logistic The LPI is built on the basis of a worldwide survey carried out on companies responsible for the transport of goods and for the facilitation of trade globally.
Specifically, it was developed with the assistance of over 800 professionals involved across the different areas of the sector's lines of activity 3 . Each respondent to the survey was asked for data pertaining to the eight countries they most traded with at international level, and over 5,000 assessments were obtained for each country.
The aggregate index is calculated by analysing six main components, being the indicators the following: customs, infrastructure, international shipments, competence, tracking and timeliness. 4 . None of these independently guarantee a good level of logistics performance, and their inclusion is conditioned to empirical studies and extensive interviews carried out with specialists on international freight transport. Each component is defined as follows:
 Customs: measures the efficiency and effectiveness of the customs despatch procedure (speed, simplicity and predictability of customs agencies). All of this is configured through a series of administrative tasks that allow the existing legislation on international trade to be implemented and taxes on the import/export of goods and services to be collected.
 Infrastructure: measures the quality of the country's transport and telecommunications infrastructure. It is related to the procedure used for moving the goods to the final consumer, and is not totally controlled by companies due to external factors. However, it is important to measure how organizations cope with the available facilities, being either an advantage or an obstacle that prevents them from being competitive.  Timeliness: measures the punctuality of shipment delivery times. This is an important factor for consideration, because with the existing high level of competition, failure to comply with delivery schedules is unacceptable. This has influenced the need for increasingly sophisticated computerization processes.
These components cover the various areas that define LPI and it has been proved that they have a greater impact than distance and transport costs (Korinek and Sourdin, 2011) . Specifically, they include elements of essential logistical value, such as the transparency of processes and their quality, as well as the predictability and reliability of services.
The indicators have been added and properly weighted, receiving a score of 1 to 5
where the higher value represents better logistics. In practice, the LPI usually sits between the maximum of 4.2 in Singapore to the low of 1.2 corresponding to Afghanistan in 2005. The countries that occupy the top positions have large distribution platforms and industries specialised in logistics services, which tend to benefit from economies of scale, and are the source of major technological innovations. The other end of the spectrum is occupied by countries characterized by low income that are landlocked or geographically isolated, or are affected by conflict. However, it should be noted that revenue is not a decisive factor, as, in developing countries where trade has been critical for accelerating growth, logistics is significantly more developed than in other countries with similar incomes. Arvis et al. (2007) reach the conclusion that the countries with the most predictable, efficient and best managed transport routes and trade procedures are, moreover, those which are most likely to make the most of technological advantages, economic liberalisation and access to international markets. Therefore, the ranking established by the index places the developed nations at the top, while emerging nations occupy completely mixed positions. For example, China was ranked ahead of the oil producing nations in 2005, due to the fact that some of the petroleum exporters tend to underestimate their logistics. This is the case with Algeria (140th), which is ranked well below neighbouring countries such as Tunisia (60th) and Morocco (94th). In these countries, this is due to the absence of incentives and pressure from the private sector to implement institutional reform in favour of trade and transport. However, in some emerging economies where manufacturing accounts for a greater share of exports, the private sector has proposed significant logistics reforms.
In Nevertheless, worth highlighting is the improvement recorded by some countries in aspects related to the modernization of customs, the use of information technologies and growth in private logistics services, which has allowed these countries to climb up the ranking. For example, Colombia improved from 82nd to 72nd and Brazil from 61st to 41 st , due to the effort that Latin America is doing to growth his external sector.
The LPI data for 2010 indicates that the difference between the score assigned to the top-ranked country (Singapore with 4.13) and the bottom-ranked country (Burundi with 1.61) is the same as that recorded in 2008, evidencing methodological consistency.
This shows that gap between developed nations and the poorest countries has not narrowed, partly due to the economic recession suffered by some regions and which has spread to other trading partners. However, it is worth highlighting the advance that certain countries have made in the ranking over these two years. This is the case of China, which, on the back of an accelerated economic growth, has also improved its trade facilitation, rising from 13th in the 2008 index to second in 2010. Another similar case is Finland, which rose from 12th to 3rd. Source: Compiled from World Bank data. Arvis et al. (2007 and As can be observed in Fig. 1 Nevertheless, this index suggests that still exist the need for policies aimed the better off logistics services combined with an integrated system comprising improvements in infrastructure and public and private services. Reforms should not only focus on reducing costs and time, but could also make advances in the predictability and reliability of deliveries, which are difficult issues to measure with quantitative parameters.
IV. Methodology
Tinbergen (1962) and Pöyhönen (1963a, b) are generally considered to have pioneered the use of gravity models in international trade, conducting separate research, by coinciding practically in time. Since then, this approach has been used frequently to analyse international trade. Bergstrand (1985 Bergstrand ( , 1989 found theoretical grounds for bilateral trade in a series of studies that linked gravity equations to monopolistic competition models. Helpman and Krugman (1985) Recent research has incorporated variables representing improvements in logistics into these models (Hausman et al., 2005; Prabir, 2007; Iwanow and Kirkpatrick, 2009; Portugal-Perez and Wilson, 2010) . They highlight the usefulness of this methodology in the study to be undertaken. The basic idea behind a gravity equation is that bilateral trade is explained by: According to equation (1), exports depend on economic, geographic and demographic variables together with logistics variables. This approach is based on the hypothesis that the variables included in the model have a significant impact on trade and signs are coherent with economic theory. The distance variable is an approximate indication of trading costs, which is not without its problems, as it assumes that transport costs are independent of the medium used and that capital cities are a good approximation of the economic centres of a country. The effect of distance between countries ( 1 ) should be negative, because proximity promotes a growth in trade.
Theoretically, the GDP coefficients of both the exporter and also the importer ( 2 and  3 ) will be positive, as the larger the economy is, the more exports and imports can be expected. Furthermore, the population coefficient for the exporting country ( 4 ) could be either positive or negative, depending on whether the most populated country exports less due to absorbing domestic production, or exports more due to the predominating technological and logistics variables associated with the level of economic development. At the same time, the coefficient of the importer population ( 5 ) also has an ambiguous sign, for the same reasons as those stated above. Comparing the results of the estimation allows the component that has the greatest impact on trade flows to be ascertained, as well as to identify changes undergone over the period (2005 and 2010) .
A key issue estimating gravity models is how to deal with zero bilateral trade.
Theoretically, zero trade might not be missing information and zero-trade may actually be reflecting the absence of any trade between country pairs. Frequently, the zeros are not randomly distributed, which leads to the problem of selection bias if zero trade observations were to be dropped. Recent literature illustrates that a sample selection bias can arise if the gravity model is estimated by OLS. To deal with this problem, Heckman (1979) proposed the use of Heckman two-step procedure. This procedure entails first estimating a probit model that determines the probability that a country pair engages in trade. Next, a gravity regression with a selectivity variable obtained from the probit regression is performed. In our estimates we use the Heckman model to avoid this sample selection bias.
V. Variables and sample
The gravity model used in this study has been estimated for countries grouped in five emerging geographical regions and which have a maritime boundary, namely: The information on trade flows comes from the UN Comtrade database. As regards the explanatory variables, distance between countries expressed in kilometres was calculated as the straight-line distance between capital cities 6, which acts as an estimation in view of the difficulty involved in locating producer regions that are often spread across the entire territory. GDP (in dollars) and population data were obtained from the United Nations database. Finally, the series of dummy variables describing social and cultural features of countries that make up the areas were obtained from
Centre d´Etudes Prospectives et d´Informations Internationals (CEPII).
It was found that no multicollinearity exists between the variables using the matrix of correlations and the identification of the Variance Inflation Factor (VIF) 7 as a basis. Furthermore, use of graphs has enabled the normality of the residuals to be shown, as well as the absence of heteroskedasticity.
5 This group of countries includes some members of the European Union. However, based on their level of logistic development, we think it is methodologically justified. 6 http://www.cepii.fr/anglaisgraph/bdd/distances.htm 7 VIF represents the increase in variance due to the presence of collinearity. The VIF are the elements in the diagonal of the C -1 matrix, which is the inverse of the C correlation matrix. A predictor variable with a VIF greater than 10 (this is equivalent to accepting that a R 2 = .90 is indicative of a good linear relationship), can cause multicollinearity.
VI. Results
A gravity model was initially estimated for each of the geographical regions and all the countries considered, taking the LPI as an indicator of the impact of trade facilitation on export flows in 2005 and 2010 (Table 1) . Constant -10.072*** -9.433*** -4.725** -6.845*** -13.574*** -13.454*** -9.927*** -11.194*** -11.311*** -13.054*** -11.767*** -11.345*** Distance -1.254*** -1.855*** -1.382** -1.407*** -.556 -.571 -1.951*** -1.951*** -1.311*** -1.438*** -1.301*** - signs, implying that the higher a country's level of production, the more it trades.
The variable LPI displays significant and positive coefficients in the case of both the exporter and the importer for the sample containing all the countries (last two columns in the table). However, it is worth highlighting the fact that logistics has more of an impact on exporter trade (4.740 and 11.483) than on importer trade (2.940 and 4.017). This trend is repeated in the analysis by region, due to the different levels of economic development between the two types of countries.
Exporters are emerging nations, while importers include both developed and emerging countries. As a result, an improvement in the infrastructure or customs procedures in an emerging country, due to its previous deficiencies has a greater impact on trade than in the case of developed nations. In keeping with the objective of this research, we have performed estimations for each of its LPI components, as explained in the section on methodology. The coefficients of these components are displayed below (Table   2 ). Focusing on the results obtained by exports for the set of countries as a whole, the most important components are infrastructure, timeliness and customs.
By geographical area, infrastructure is the most important only in Africa, timeliness only in the Middle East, while customs was not the most important component in any area. As a result, none of the components appear to lead the way in terms of explaining the role of logistics in export flows. So, international shipments has gained more importance due to competition in the private sector, between freight carriers and shipping agents, in response to stronger export dynamics in the aforementioned regions, providing charters and services at increasingly competitive prices.
On comparing the results for 2010 with the corresponding regressions for 2005, it can be seen that customs and infrastructure lose value in their coefficients against other components, particularly international shipments. This circumstance is interesting as, while customs and infrastructure basically respond to public policy and stimulus, international shipments, competence, tracing and timeliness are due to the intervention of the private sector, which better anticipates and reacts to market fluctuations.
VII. Conclusions
The complex network of business relationships has placed logistics in a key role to determine international competitiveness between countries. In recent years, in an attempt to provide information on this, researchers have made a concerted effort to find the indicators that best reflect the logistics situation in each country.
Continuing in similar vein, the aim of this study is to provide an empirical analysis of the situation in developing nations with a maritime boundary, grouped into geographical regions. More specifically, the gravity model has been used to On the whole, all emerging nations have made a big effort to improve their logistics performance in order to improve their trade relations. More specifically, it is worth highlighting the importance that international shipments have acquired, which refers the need to improve the organization of shipments at competitive prices. These countries require significant advances to be able to enter the complex international trade network.
After performing the analysis by geographical region, we also detected the importance that logistics performance is acquiring in their relations. While no single component figures prominently ahead of the rest for all the regions, it can be confirmed that the countries in South America have achieved considerable improvements in facilitating the exportation of their goods.
